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BOREAS RSS-11 Ground Network of Sunphotometer M easurements
Brian L. Markham, Joel Schafer

Summary

The BOREAS RSS-11 team operated a network of five automated (Cimel) and two hand-held (Miami)
solar radiometers from 1994 to 1996 during the BOREAS field campaigns. The data provide aerosol
optical depth measurements, size distribution, phase function, and column water vapor amounts over
points in northern Saskatchewan and Manitoba, Canada. The data are useful for the correction of
remotely sensed aircraft and satellite images. The data are provided in tabular ASCII files.
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1. Data Set Overview

1.1 Data Set Identification
BOREAS RSS-11 Ground Network of Sunphotometer M easurements

1.2 Data Set Introduction

A ground-based sunphotometer network was installed within the BOReal Ecosystem-Atmosphere
Study (BOREAYS) study areas to characterize the size and distribution of atmospheric aerosols and
column water vapor amount and to aid in the correction of aircraft and satellite imagery. Automated
sunphotometer data are available fairly continuously from early 1994 through 1996 for two sitesin the
Northern Study Area (NSA) and two in the Southern Study Area (SSA). Data were collected from a
fifth automated instrument located at the Flin Flon airport at the Manitoba/Saskatchewan border; this
instrument was moved in 1996 to Paddockwood, SK, in the SSA. Measurements made by two
additional hand-held instruments, operated during the 1994-96 time period at each of the study aress,
are dso apart of thisdata set. A local observer made the hand-held measurements near noon when the
Sun was not obscured by any clouds.
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1.3 Objective/Purpose

The purpose was to establish a data set of aerosol, water vapor, and ozone atmospheric properties
in the BOREAS region for a 3-year period for use by BOREAS in atmospheric correction of remotely
sensed data. Another goa was to establish an aerosol climatology of the region by specifying, for
example, the annual cycle of aerosol loading across the region.

1.4 Summary of Parameters
Parameters:

Direct solar irradiance (340, 380, 440, 500, 670, 870, 1020 nm)
Sky radiance (440, 670, 870, 1020 nm)

Aerosol optical thickness

Column water vapor amount

1.5 Discussion

A network of five automated (Cimel) and two hand-held (Miami) solar radiometers were operated
during the 1994-96 time period for BOREAS to provide aerosol optical depth measurements, size
distribution, phase function, and column water vapor amounts. The purpose was to establish a data set
of aerosol, water vapor, and ozone atmospheric propertiesin the BOREAS region for a 3-year period
for use by BOREAS in atmaospheric correction of remotely sensed data.

1.6 Related Data Sets

BOREAS RSS-03 Reflectance M easured from a Helicopter-Mounted Barnes MMR
BOREAS RSS-12 Airborne Tracking Sunphotometer M easurements

BOREAS RSS-12 Automated Ground Sun Photometer M easurements in the SSA
BOREAS RSS-18 Ground Sunphotometer M easurementsin the SSA

An additional data set collected and used in comparison was sunphotometer measurements made by
Norman O'Neill (RSS-19) at the Canada Centre for Remote Sensing (CCRS). These data were not
submitted to the BOREAS Information System (BORIS).

2. Investigator (s)

2.1 Investigator (s) Name and Title
Brian L. Markham
Physical Scientist

2.2 Title of Investigation
Characterization of Atmospheric Optical Propertiesfor BOREAS

2.3 Contact Information

Contact 1:

Brian L. Markham

NASA GSFC

Code 923

Greenbelt, MD 20771

(301) 614-6608

(301) 614-6695 (fax)
Brian.L.Markham.1@gsfc.nasa.gov
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Contact 2:

Joel Schafer

NASA GSFC

Code 923

Greenbelt, MD 20771

(301) 614-6668

(301) 614-6695 (fax)

Joel .S.Schafer.1@gsfc.nasa.gov

Contact 3:

Jaime Nickeson

Raytheon ITSS

NASA GSFC

Code 923

Greenbelt, MD 20771

(301) 286-3373

(301) 286-0239 (fax)
Jaime.Nickeson@gsfc.nasa.gov

3. Theory of Measurements

Sunphotometers measure direct surface irradiance. Because direct solar irradiance depends on the
atmospheric transmission, the components affecting this transmission such as aerosol optical thickness
(AQT), water vapor column abundance, ozone absorption, and molecular scattering can either be
estimated or bemeasured.

Optical thicknessis calculated from spectral extinction of direct beam radiation at each wavelength
based on Beer's Law:

2 —(m-T where: V3, = digital voltage measured at wavelength ,
Vl = V@ ‘R7-e (m-c) Vo= ext?aterr&str?g voltage )
m = optical airmass
T =total optical thickness
R = relative Earth-Sun distance

Attenuation due to Rayleigh scatter, and absorption by ozone and gaseous pollutantsis estimated and
removed to isolate the AOT ().

The dependence of transmission, Ty, on water column abundance can be written as the following
[Halthore et a., 1992, Bruegge et al, 1992]:

b b where: W = vertical column abundance (cm)
T = g —drIl - W a, b = constants that depend on the wavelength
W position, width and shape of the filter
function, and atmospheric conditions.

Sky radiance measurements are inverted with radiative transfer equations [Nakajimaet a., 1983] to
provide aerosol properties of size distribution and phase function over the particle size range of 0.1 to
5 pum.
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4. Equipment
4.1 Sensor/Instrument Description

4.1.1 Collection Environment

The automated sunphotometers operated during nonwinter months according to their diurna
schedule (Section 4.1) when there was no precipitation and the atmosphere is clear enough to allow the
instrument to focus on the Sun with afour-quadrant detector (AOT roughly <6.0). Precipitation
activates an externally mounted wet sensor that causes the instrument to remain in the parked (nadir)
position.

4.1.2 Source/Platform
All instruments were mounted on the roof of abuilding or hut, with aclear view of the sky above 5
degrees elevation angle. The hand-held instruments were held by the human observer.

4.1.3 Sour ce/Platform Mission Objectives
The building roof provided a convenient place to mount the sunphotometers. The objective of the
human observer during the measurement times was to obtain good measurements.

4.1.4 Key Variables
Direct solar irradiance Sky radiance

4.1.5 Principles of Operation

Eight interference filters are located in afilter whedl that is rotated by a direct drive stepping motor.
A thermistor measures the temperature of the detector, allowing compensation for any temperature
dependence in the silicon detector.

The sensor head is pointed by stepping azimuth and zenith motors with a precision of 0.05
degrees. A microprocessor computes the position of the Sun based on time, latitude, and longitude and
directs the sensor head to within approximately 1 degree of the Sun. Then, a four-quadrant detector
tracks the Sun precisely prior to a programmed measurement sequence.

4.1.6 Sensor/Instrument Measurement Geometry
The Cimel automatic sunphotometers take direct solar irradiance and sky radiance measurements
with a 1.2-degree Field of View (FOV).

4.1.7 Manufacturer of Sensor/Instrument
The automatic sunphotometers were made by:
Cimel Electronique

5 Cite de Phalshourg

75011 Paris, France

The hand-held sunphotometers were made by:
University of Miami

Dept. of Meteorology

Cora Gables, FL 33124

4.2 Calibration

A number of automatic sunphotometers from the Goddard Space Flight Center (GSFC) were
regularly taken to the Mauna L oa Observatory in Hawaii, where the Langley method of calibration
[Shaw, 1983] was used for absolute calibration. Instruments used for BOREAS were calibrated by
intercomparison with reference instruments using measurements conducted on the top of a building at
GSFC on clear days with low aerosol loading. On occasion, in-field Langley calibrations were
performed.
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For the 940-nm channel that includes water absorption, calibration was performed using the
following procedure.

At 940 nm, the measured digital voltageis:

V=V, R e™¥ T,

where ¢isthe extinction due to Rayleigh and aerosol scatter and water vapor absorption, and Ty,
again, iswater vapor transmission.

Combining this relation with that of Section 3 describing

o e—{amh why
W

yields:

InV+m T=In(V,)-a -m"® W°

Plotting the left-hand side of the above equation against mb gives a straight line with the desired
y-intercept In(V) and slope Wb [Halthore et a 1997]. This modified Langley method was used only
for calibrating the water vapor band.

Hand-held instruments are intercalibrated at the beginning and end of the season with collocated
automatic instruments on clear days of low aerosol.

4.2.1 Specifications

The automatic instruments used were Cimel CE-318s, which, during 1994, had 10-nm bandpass
filtersin the visible and near-infrared with center wavelengths at 340, 380, 440, 670, 870, 940, and
1020 nm, with an additional 50-nm bandpass filter centered at 940 nm. The two 940-nm channels
were to be used for column water vapor abundance determination. The wider bandpass filter proved
unnecessary for determining water vapor column abundance, so it was replaced with a 10-nm
bandpass filter centered at 500 nm in spring of 1995. In addition to measuring solar irradiance with an
FOV of 1.2 degrees, these instruments measure the sky radiance in four spectral bands (440, 670,
870, and 1020 nm) along the solar principal plane (i.e., at constant azimuth angle, with varied solar
zenith angles) up to nine times aday and along the solar almucantar (i.e., at constant solar zenith angle,
with varied azimuth angles) up to six times aday.

The two hand-held sunphotometers have four channels (500, 670, 870, and 940 nm). They are
capable of only the direct solar measurements and require manual data entry. They have a peak hold
feature that allows them to record the highest voltage response when pointed in the general direction of
the Sun.

4.2.1.1 Tolerance

If the aerosol conditions were considered to be constant during the Langley procedures at Mauna
L oa, then deviation of measurements from the linear regression line gives an indication of the
sunphotometer precision. Triplet variability from three reference instruments deployed at Mauna Loa
was calculated based on 168, 264, and 288 observations, respectively. For al wavelengths, the
variability of atriplet was always less than 1%, and generally about 0.3%, suggesting that uncertainty
due to instrument precision is minimal [Holben et al., 1996].
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4.2.2 Frequency of Calibration

The instruments were intercompared at GSFC on clear days with reference Cimels calibrated by
Langley or modified Langley techniques at Mauna L oa. This process was done before and after each
field campaign, and the reference instrument (#13) was taken to Mauna Loa every 6 months.
Occasionally, filter changes during deployment or short-term contamination by spider webs in the
collimator warranted the use of in-field Langley calibrations.

4.2.3 Other Calibration Information
The instrument referred to below as #13 is the reference instrument used for BOREAS.

1994 Cimel Sun Photometr Data Calibration

The ratios of the post season to preseason calibrations follow for each instrument in the order. The
bracketed numbers are for instrument #31 and #32.
1020 870 670 440 340[ 380] 380[ 340]

#11 NSA-Y JP -- interpolated between the May cross comparison with #13 and the November
cross comparison with #13 (with the exception of the June 26 through July 4 -- a spider web
incident that was calibrated with onsite Langley techniques for 26-Jun-1994).

0.99233306 1.00224738 0.99804205 1.0118189  0.97430213 1.01370528

#12 Flin Flon -- interpolated between the May cross comparison with #13 and the November
Cross comparison with #13.
0.96776048 0.97619891  0.98253527  0.95644371 0.89236603  0.90532343

#31 SSA-Y JP -- interpolated between the May cross comparison with #13 and November cross
comparison with #13.
0.99090514  0.99927597  0.98348781  0.99160097 0.99534901 0. 94812591

#32 Waskesiu -- used May cross comparison with #13 for full BOREAS season (with exception
of 21-25 July-1994 spider web incident calibrated with onsite Langley techniques) -- the November
cross comparison with #13 was not valid for BOREAS because of an apparent change in the
instrument during its return.

#6 Thompson Zoo/Prince Albert -- used May cross comparison with #13 until 09-Jun-1994;
used cross comparison with #13 in July until 11-Jul-1994; interpolated between 11-July-1994 cross
| comparison with #13 and 12-Oct-1994 cross comparison with #13.

|1.00103256  0.98735627 0.96687931 0.74577641 1.02234866 m d season
|1.01655301 1.016745 0.99002756  0.74729656 1.05768801 post season

1995 Cimel Sun Photometer Data Calibration
Thetime and date are given for each zero airmass voltage (V,,) and for each wavelength and the
seasonal change in filter responseis given aswell.

#6 Flin Flon

Wavel engt h 1020 870 670 500
DATE: 08- May- 95 12517. 458 12897. 622 13899. 506 13655. 055
TI ME: 22:32: 37

DATE: 05- Nov- 95 12582. 104 12927. 327 13833. 724 13723.94
TI ME: 15:58:58

Post / preseason 1. 005 1. 002 0. 995 1. 005
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|#11 Waskesiu

| wavel engt h 1020 870 670 500
| DATE: 07- May- 95 12885. 336 9326. 284 14941. 283 18483. 47
| TINVE: 14:41:54
| DATE: 29- Dec- 95 13404. 445 9648. 732 15809. 717 18588. 241
TIME: 17:31:53

Post / preseason 1.04 1. 035 1. 058 1. 006
#12 Thompson
| wavel engt h 1020 870 670 500
| DATE: 08- May- 95 13327 13223 12849 17887
| TIVE: 15:49: 24
| DATE: 07- Dec- 95 13291 13418 13149 17854

TI ME: 16: 37:45

Post / preseason 0. 997 1.015 1.023 0.998
#31 SSA-YJP
| wavel engt h 1020 870 670 500
| DATE: 07- May- 95 13329. 603 13645. 573 14900. 62 18606. 043
| TIVE: 15: 49: 23
| DATE: 29- Dec- 95 13620. 063 14025. 419 15261. 078 18132. 432
TIME: 17:31:58

Post/ preseason 1.022 1.028 1.024 0. 975
#35 NSA-YJP
| wavel engt h 1020 870 670 500
| DATE: 08- May- 95 19516. 054 14028. 61 22462. 976 9513. 898
| TIVE: 22:21:34
| DATE: 07-Jun- 95 19819. 766 14270. 977 22896. 422 9808. 112
|[TIVE: 11:12:32
| DATE: 02- Dec- 95 19953. 95 14316. 853 22858. 584 9665. 12
TI ME: 16: 34: 38

Post / preseason 1.022 1.021 1.018 1.016

#6 Flin Flon
| wavel engt h 440 380 340 940
| DATE: 08- May- 95 18147. 869 19241. 212 19757. 94 22399. 36
| TIVE: 22:32:37
| DATE: 05- Nov- 95 18344. 145 20505. 336 18284. 42 20831. 22
TI ME: 15:58:58

Post / preseason 1.108 1. 066 0. 925 0.93

#11 Waskesiu

Wavel engt h 440 380 340 940
DATE: 07- May- 95 18296. 37 21366. 285 33970. 048 21292. 029
TIME: 14:41:54

DATE: 29-Dec- 95 19135. 821 22185. 209 30718. 195 21590. 383
TIME: 17:31:53

Post / preseason 1. 046 1.038 0.904 1.014
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|#12 Thompson

| wavel engt h 440 380 340 940
| DATE: 08- May- 95 16964 24463 32590 29583.1
| TIVE: 15:49: 24
| DATE: 07- Dec- 95 17465 25282 31927 28451. 3
TI ME: 16: 37:45

Post / preseason 1.03 1.033 0.98 0. 962
#31 SSA-YJP
| wavel engt h 440 380 340 940
| DATE: 07- May- 95 16585. 035 17619. 795 32936. 416 23163. 098
| TI VE: 15: 49: 23
| DATE: 29- Dec- 95 15980. 247 18374. 366 28336. 05 22616. 378
TIME: 17:31:58

Post / preseason 0. 964 1. 043 0. 86 0.976
#35 NSA-YJP

Wavel engt h 440 380 340 940
DATE: 08- May- 95 18035. 776 6789. 077 33650. 941 32735. 451
TI ME: 22:21: 34

DATE: 07-Jun-95 17950. 115 7319. 054 34008. 235 32404. 751
TIME: 11:12:32

DATE: 02-Dec- 95 18170. 429 7149. 50 32357. 469 31599. 466
TI ME: 16: 33: 38

Post/ preseason 1. 007 1. 053 0. 962 0. 965

1996 Cimel Sun Photometer Data Calibration

Thetime and date are given for each zero airmass voltage (V) and for each wavelength, and the
seasonal change in filter responseis given as well, where appropriate.

#12 Thompson

|TINE: 15: 59: 22

Wavel engt h 1020 870 670 500
DATE: 27- Apr-96 13420. 234 13491. 316 13087. 821 18244. 657
TI ME: 20: 05: 38
DATE: 04- Nov- 96 13557. 683 13635. 545 12996. 507 18142. 348
TIME: 17:32:28
Post / preseason 1.01 1.011 0.993 0.994
#12 Thompson

Wavel engt h 440 380 340 940
| DATE: 27- Apr - 96 17474. 941 25292. 378 30613. 31 29172. 311
| TI VE: 20: 05: 38
| DATE: 04- Nov- 96 17271. 154 24877. 615 30012. 10 28021. 078
TIME: 17:32:28
Post / preseason 0. 988 0.984 0.98 0. 961
#10 Paddockwood

Wavel engt h 1020 870 670 500
| DATE: 31- Mar - 96 12449. 513 8361. 421 11602. 164 15602. 52

Page 8




|#10 Paddockwood

|Post/preseason

| Wavel engt h 440 380 340 940
| DATE: 31- Mar - 96 15192. 358 20776. 75 26675. 68 20253. 18
TI ME: 15:59: 22

#31 SSA-YJP

Wavel engt h 1020 870 670 500
DATE: 29-Dec- 95 13620. 063 14025. 419 15261. 078 18132. 432
TIME: 17:31:58

#31 SSA-YJP
| Wavel engt h 440 380 340 940
| DATE: 29- Dec- 95 15980. 247 18374. 366 28336. 050 22616. 378
TIME: 17:31:58

#35 NSA-YJP

Wavel engt h 1020 870 670 500
| DATE: 24- Apr - 96 19600. 860 14273. 589 22715.018 9523. 237
| TIVE: 15:20: 45
| DATE: 20- Dec- 96 19295. 777 13997. 458 22520. 035 9453. 443
| TIVE: 18:32:59

Post/ preseason 0.984 0.981 0.991 0. 993
#35 NSA-YJP

Wavel engt h 440 380 340 940
| DATE: 24- Apr - 96 18016. 307 6759. 045 30243. 207 31001. 937
| TIVE: 15:20: 45
| DATE: 20- Dec- 96 18160. 719 6866. 885 29525. 022 29548. 983
| TIVE: 18:32:59

Post / preseason 1. 008 0.976 1.016 0. 953
#11 Waskesiu

Wavel engt h 1020 870 670 500
| DATE: 24- Apr - 96 13622. 427 9649. 122 15575. 813 18969. 570
| TIVE: 16:13:30
| DATE: 02- Dec- 96 13602. 240 9565. 654 15565. 203 18980. 755
| TIVE: 19:10: 59

Post / preseason 0. 999 0.991 0. 999 1.001
#11 Waskesiu

Wavel engt h 440 380 340 940
| DATE: 24- Apr - 96 19495. 370 29884. 542 22098. 695 21705. 495
| TIVE: 16:13:30
| DATE: 02- Dec- 96 19322. 585 28941. 093 21926. 102 21078. 678
| TIVE: 19:10: 59

0.991 0.992 0. 968 0.971
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5. Data Acquisition Methods

A preprogrammed sequence of measurements is taken by these instruments starting at an airmass of 7
in the morning and ending at an airmass of 7 in the evening. During the large airmass periods, direct
Sun measurements are made at 0.25 airmass intervals; at smaller airmasses, the interval between
measurementsistypically 15 minutes. The amucantar measurements are taken at 0.5-degree intervals
near the Sun (within 6 degrees) and increase from 2 to 10 degree intervals away from the solar
position. The data are collected and transmitted via the Geostationary Operational Environmental
Satellite (GOES) at 1-hour intervalsto a computer at Wallops Iland Flight Facility [Holben et dl.,
1996].

The hourly transmitted radiometer data stream includes date, time, temperature, battery voltage,
wet sensor status, and time of transmission aswell as several levels of identification numbers. The
Vitd transmitter adds atime stamp at the time of transmission, as does the Wallops receiving station.
The transmitter also checks for parity errors and signal strength of the transmission. After data are
downloaded from the central receiving station, a status report and a troubleshooting report are
automatically generated and e-mailed to appropriate system and instrument managers. The status report
provides a comprehensive assessment of the operation of the radiometer and the Vitel transmitter for
the data transmitted with the current download. Network managers then have sufficient information to
assess the operation of individual stations.

Within Demonstrat, a package of user-friendly UNIX software, the raw data (voltages) are
converted to AQT or precipitable water using the relevant instrument-specific calibration coefficients.

6. Observations

6.1 Data Notes
The data sets are generally complete from May to October or September with some exceptions
noted below.

1994
#11 NSA-YJIP 26-Jun - 04-Jul collimator obstruction
#32 Waskesiu, SK  21-Jul - 25-Jul collimator obstruction
1995
#11 Waskesiu, SK 01-Aug - 22-Aug collimator obstruction
#31 SSA-YJP 04-Sep - 07 Sep
12-Sep - 22-Sep
01-Jun - 01-Jul removed because of local forest fire
1996
#10 Paddockwood ~ 18-Apr - 27-Apr * Installed in February *
02-Sep - 14-Sep
#11 Waskesiu, SK  01-May - 12-May
04-Sep - 30-Sep
#31 SSA-YJP 23-Sep - 02-Oct
15-May - 29-May
04-Sep - 08-Sep (440-nm unusable)
12-Sep - 23-Sep (440-nm unusable)
#35 NSA-Y JP 24-Sep - 03-Oct

The hand-held records are generally complete for the whole year depending on availability of the
observer.
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6.2 Field Notes
None given.

7. Data Description
7.1 Spatial Characteristics

7.1.1 Spatial Coverage
The North American Datum of 1983 (NAD83) coordinates of the sites are:

Depl oynent _Sites Lati tude Longi t ude UTM Easting UTM Northing
1994;

Flin Flon, MB 54.67777N 101. 67843W 327315. 2 6062229
NSA- YIP 55. 89575N 98. 28706W 544583. 9 6194706. 9
NSA- Thonpson Ai r port 55. 78344N 97. 83359W 573151.1 6182593. 1
SSA-YJP 53. 87581N 104. 64529W 523320. 2 5969762. 5
Prince Al bert Airport 53. 20004N 105. 68383W 454320. 6 5894742. 2
SSA- Lake Waskesi u 53.91672N 106. 06717W 429909. 5 5974783. 3
1995:

SSA-YJP 53. 87581N 104. 64529W 523320. 2 5969762. 5
NSA- YIP 55. 89575N 98. 28706W 544583. 9 6194706. 9
SSA- Lake Waskesi u 53.91672N 106. 06717W 429909. 5 5974783. 3
Flin Flon, MB 54.67777N 101. 67843W 327315. 2 6062229
NSA- Thonpson Zoo 55. 75N 97. 8867W 571137 6178837
1996:

SSA-YJP 53. 87581N 104. 64529W 523320. 2 5969762. 5
NSA- YIP 55. 89575N 98. 28706W 544583. 9 6194706. 9
SSA- Lake Waskesi u 53.91672N 106. 06717W 429909. 5 5974783. 3
SSA- Paddockwood School 53. 50951N 105. 56697W 462400 5929100
NSA- Thonpson Zoo 55. 75N 97. 8867W 571137 6178837

In addition, a hand-held sunphotometer was operated at L ake Waskesiu and Thompson during each
year.

7.1.2 Spatial Coverage Map
Not available.

7.1.3 Spatial Resolution

Each sunphotometer takes measurements that are generally representative of the local area under
guiescent conditions. During forest fire episodes, however, the spatial resolution depends on the
nature of smoke dispersion.

7.1.4 Projection
Not applicable.

7.1.5 Grid Description
Not applicable.
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7.2 Temporal Characteristics

7.2.1 Temporal Coverage

Automatic sunphotometer data are acquired at 0.25 or 0.5 airmass intervals from an airmass of 7
up to 2. Air massis approximately equal to 1/cos(zenith angle). Then, measurements are made every
15 minutes until an afternoon airmass of 2, where time intervals are again dictated by airmass
fractions.

7.2.2 Temporal Coverage Map
The following are the operation periods for the Cimel automatic sunphotometers during the 1994,
1995, and 1996 BOREAS campaigns.

1994 OPERATION PERIODS

Flin Flon, MB 19-May - 13-Sep

NSA- YIP 18-May - 26-Jun, 4-Jul - 01-Nov

SSA- YJP 23-May - 13-Cct

Waskesi u, SK 25-May - 21-Jul, 25-Jul - 13-Cct

Thonpson, MB 08-Jun - 13-Jun, 27-Jul - 10-Sep

Prince Al bert, SK 17-May - 06-Jun, 20-Jul - 26-Jul, 12-Sep -18-Sep
1995 OPERATION PERIODS

Flin Flon, MB 18-May - 07-Sep

NSA- YJP 16- May - 03- Nov

SSA-YJP 25-May - 01-Jun, 01-Jul - 12-Sep, 22-Sep - 21-Nov
Waskesi u, SK 24-May - 01- Aug, 22- Aug - 04- Nov

Thonpson, MB 15-May - 29-Cct

1996 OPERATION PERIODS

Paddockwood, SK 27-Feb - 07-Nov

NSA- YJP 14- May - 24-Sep, 30-Sep - 09-Cct

SSA- YJP 10- May - 14- May, 28-May - 20-Sep, 01-Oct - 23-Cct
Waskesi u, SK 08-May - 14-May, 23-May - 04-Sep, 29-Sep - 27-Cct
Thonpson, MB 14- May - 09- Sep

The following are the operation periods for the hand-held sunphotometers during 1994, 1995, and
1996 BOREAS campaigns. Gaps may indicate extended cloudy conditions, instrument problems, or
operator unavailability.

1994 OPERATION PERIODS

Waskesi u, SK 04-Jan - 03-Mar, 22-Mar - 26-Sep, 10-Cct - 22-Dec
Thonpson, MB 01-Jan - 29-Jun, 01-Aug - 21-Cct

1995 OPERATION PERIODS

Waskesi u, SK 01-Jan - 11-Apr, 04-May - 02-Sep, 21-Sep - 08-Cct
Thonpson, MB 04-Feb - 20-Dec

1996 OPERATION PERIODS

Waskesiu, SK 03-Jan - 31-Dec

Thonpson, MB 03-Jan - 31-Dec

7.2.3 Temporal Resolution
Cimels operated approximately every 15 minutes from morning to evening. Hand-held
sunphotometers were operated near noon only.
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7.3 Data Characteristics

7.3.1 Parameter/Variable

The parameters contained in the data files on the CD-ROM are:

SI TE_NAVE

SUB_SI TE

DATE_OBS

TI ME_OBS
AEROSOL_OPT_THI CK_340
AEROSOL_OPT_THI CK_380
AEROSOL_OPT_THI CK_440
AEROSOL_OPT_THI CK_500
AEROSOL_OPT_THI CK_670
AEROSOL_OPT_THI CK_870
AEROSOL_OPT_THI CK_1020
COLUMN_WATER VAPOR

Al R_TEMP

Al RVASS

CRTFCN_CODE

REVI S| ON_DATE

7.3.2 Variable Description/Definition
The descriptions of the parameters contained in the data files on the CD-ROM are:

Col um Nane

SI TE_NAVE

SUB_SI TE

DATE_OBS
TI ME_OBS

AEROSOL_OPT_THI CK_340
AEROSOL_OPT_THI CK_380
AEROSOL_OPT_THI CK_440
AEROSOL_OPT_THI CK_500

AERCSOL_COPT_THI CK_670

Descri ption
The identifier assigned to the site by BOREAS
in the format SSS-TTT- CCCCC, where SSS identifies
the portion of the study area: NSA, SSA REG
TRN, and TTT identifies the cover type for the
site, 999 if unknown, and CCCCC is the identifier
for site, exactly what it means will vary with
site type.
The identifier assigned to the sub-site by

BOREAS, in the format GGEEG 11111, where GCGGEG i s
the group associated with the sub-site
i nstrunment, e.g. HYDO6 or STAFF, and IIIIlIl is the

identifier for sub-site, often this will refer to
an instrument.

The date on which the data were coll ected.

The Greenwi ch Mean Tinme (GMIN when the data were
col I ect ed.

The aerosol optical thickness neasured between
0.339 and 0.341 microneters.

The aerosol optical thickness neasured at 0.380
m crometers.

The aerosol optical thickness neasured between
0.438 and 0.441 microneters.

The aerosol optical thickness neasured at 0.499
or 0.500 microneters.

The aerosol optical thickness neasured between
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AERCSOL_COPT_THI CK_870
AEROSOL_OPT_THI CK_1020

COLUMN_WATER VAPOR

Al R_TEMP

Al RMASS

CRTFCN_CODE

REVI SI ON_DATE

7.3.3 Unit of Measurement
The measurement units for the parameters contained in the data files on the CD-ROM are:

SI TE_NAVE

SUB_SI TE

DATE_OBS

TI ME_OBS
AEROSOL_OPT_THI CK_340
AEROSOL_OPT_THI CK_380
AEROSOL_OPT_THI CK_440
AEROSOL_OPT_THI CK_500
AEROSOL_OPT_THI CK_670
AEROSOL_OPT_THI CK_870
AEROSOL_OPT_THI CK_1020
COLUMN_WATER VAPOR

Al R_TEMP

Al RVASS

CRTFCN_CODE

REVI S| ON_DATE

7.3.4 Data Source

0.669 and 0.672 microneters.

The aerosol optical thickness neasured between
0.871 and 0.873 microneters.

The aerosol optical thickness neasured at
m crometers.

The amount of precipitable water within a
vertical colum of air with a cross-section of 1
centinmeter squared and a fixed depth (usually
fromthe ground to the top of the atnosphere).
The nmeasured air tenperature.

The rel ative distance neasurenent of the

at nosphere through which the radi ance neasurenent
i s taken.

The BOREAS certification |evel of the data.
Exanpl es are CPl (Checked by Pl), CGR (Certified

1.022

by Group), PRE (Prelimnary), and CPI-??? (CP
but questionabl e).
The nost recent date when the infornmation in the

referenced data base table record was revised.

[ HHWM GMIT]
[unitless]
[unitless]
[unitless]
[unitless]
[unitless]
[unitless]
[unitless]
[grams][m | 1inmeter”-2]
[ degrees Cel si us]
[unitless]

[ none]

[ DD- MON- YY]

The sources of the parameter values contained in the data files on the CD-ROM are:

Col um Nane

SI TE_NAVE

SUB_SI TE

DATE_OBS

TI ME_OBS
AEROSOL_OPT_THI CK_340
AEROSOL_OPT_THI CK_380
AEROSOL_OPT_THI CK_440

Dat a Source

[ Assigned by BORI'S Staff]
[ Assigned by BORI'S Staff]

[ G nel
[ G nel
[ G nel
[ G nel
[ G nel

sunphotoneters, M am hand-hel d sunphot onet er s]
sunphotoneters, M am hand-hel d sunphot onet ers]
sunphotoneters, M am hand-hel d sunphot onet ers]
sunphotoneters, M am hand-hel d sunphot onet ers]
sunphotoneters, M am hand-hel d sunphot onet ers]
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AEROSCOL_OPT_THI CK_500 [ G nmel sunphotoneters, Mam hand-held sunphotonet ers]
AEROSCOL_OPT_THI CK 670 [ G nmel sunphotoneters, Mam hand-held sunphotonet ers]
AEROSCOL_OPT_THI CK_870 [ G nmel sunphotoneters, Mam hand-held sunphotonet ers]
AEROSCOL_OPT_THI CK_1020 [ G nmel sunphotoneters, Mam hand-held sunphotonet ers]

COLUWN_WATER VAPOR [ G nmel sunphotoneters, Mam hand-held sunphotonet ers]
Al R_TEMP [ G nmel sunphotoneters, Mam hand-held sunphotonet ers]
Al RVASS [ Denonstrat software]

CRTFCN_CODE [ Assigned by BORI'S Staff]

REVI SI ON_DATE [ Assigned by BORI'S Staff]

7.3.5 Data Range
The following table gives information about the parameter values found in the data files on the
CD-ROM.

M ni mum Maxi mum Mssng Unrel Below Data

Dat a Dat a Dat a Dat a Det ect Not
Col um Nane Val ue Val ue Val ue Val ue Limt Clctd
SI TE_NAME NSA- 999- WTHO1 TRN-999- FFNO2 None None None None
SUB_SI TE RSS11- SPHO1 RSS11- SPHO1 None None None None
DATE_OBS 01- JAN-94 30- DEC- 96 None None None None
TI ME_OBS 0 2359 None None None None
AERCSOL_OPT_THICK_  0.015899 6. 079923 - 999 None None Bl ank
340
AERCSOL_OPT_THICK_  0.017223 6. 168681 - 999 None None Bl ank
380
AEROSOL_OPT_THI CK_  0.008924 5. 590672 - 999 None None Bl ank
440
AERCSOL_OPT_THI CK_  0.000247 5. 315648 - 999 None None Bl ank
500
AERCSOL_OPT_THICK_ 0. 000386 3. 080577 - 999 None None None
670
AERCSOL_OPT_THI CK_ 0. 000049 3. 084524 - 999 None None None
870
AEROSOL_OPT_THI CK_ 0. 000005 3. 109977 - 999 None None Bl ank
1020
COLUMN_WATER VAPOR 0.61 53. 06 - 999 - 888 None None
Al R_TEMP -34.8 41. 3 None None None Bl ank
Al RVASS 1.16 7.08 None None None Bl ank
CRTFCN_CODE CPI CPI None None None None
REVI SI ON_DATE 30- DEC- 96 17- JUN- 97 None None None None
M ni mum Data Val ue -- The mi ni mum val ue found in the col um.
Maxi mum Data Val ue -- The naxi mum val ue found in the col um.
M ssng Data Value -- The value that indicates mssing data. This is used to

i ndicate that an attenpt was nmade to determi ne the
paranmeter val ue, but the attenpt was unsuccessful

Unrel Data Val ue -- The value that indicates unreliable data. This is used
to indicate an attenpt was nade to determ ne the
paranmeter val ue, but the value was deened to be
unreliable by the anal ysis personnel

Bel ow Detect Limt -- The value that indicates paraneter val ues bel ow t he
instruments detection linmts. This is used to
i ndicate that an attenpt was nmade to determi ne the
paranmeter val ue, but the anal ysis personnel deterni ned
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that the paraneter val ue was bel ow t he detection
limt of the instrunentation.

Data Not Clctd -- This value indicates that no attenpt was nmade to
determ ne the parameter value. This usually
i ndi cates that BORI S conbi ned several sinilar but
not identical data sets into the sane data base table
but this particular science teamdid not
neasure that paraneter.

Blank -- Indicates that blank spaces are used to denote that type of val ue.
NA -- Indicates that the value is not applicable to the respective col um.
None -- Indicates that no values of that sort were found in the col um.

7.4 Sample Data Record
Thefollowing is asample of the first few records from a sample data table on the CD-ROM:

Automatic Sunphotometer Data

S| TE_NAME, SUB_SI TE, DATE_OBS, TI ME_OBS, AERCSOL_OPT_THI CK_340, AEROSOL_OPT_THI CK_380
AEROSOL_OPT_THI CK_440, AERCSOL_OPT_THI CK_500, AERCSOL_OPT_THI CK_670,
AEROSOL_OPT_THI CK_870, AEROSOL_OPT_THI CK_1020, COLUMN_WATER_VAPOR, Al R_TEMP, Al RVASS,
CRTFCN_CODE, REVI SI ON_DATE

' SSA- YJP- FLXTR , ' RSS11- SPHO1' , 23- MAY- 94, 2010, . 277377, . 249425, . 204145, , . 107646,

. 079551, . 06547, . 01823, 21.2,,"' CPl', 30- DEC- 96

' SSA- YJP- FLXTR , ' RSS11- SPHO1' , 23- MAY- 94, 2125, . 29485, . 24701, . 236938, , . 156992,

. 131025, . 120655, . 01612, 20.5,,"' CPI ', 30- DEC- 96

Handheld Sunphtometer Data

S| TE_NAME, SUB_SI TE, DATE_OBS, TI ME_OBS, AERCSOL_OPT_THI CK_340, AEROSOL_OPT_THI CK_380
AEROSOL_OPT_THI CK_440, AERCSOL_OPT_THI CK_500, AERCSOL_OPT_THI CK_670,
AEROSOL_OPT_THI CK_870, AEROSOL_OPT_THI CK_1020, COLUMN_WATER_VAPOR, Al R_TEMP, Al RVASS,
CRTFCN_CODE, REVI SI ON_DATE

' SSA-999- WBKO01' , ' RSS11- SPHO1' , 04- MAY-94, 1712, ,,,.08099,.071275, . 033016, , . 386, ,
1.66,"' CPI",17- JUN- 97
" SSA-999- WBKO1' , ' RSS11- SPHO1' , 04- MAY-94, 1714, ,,,.081449, .070921, . 032415, , . 391, ,

1.65,'CPI", 17- JUN- 97

8. Data Organization

8.1 Data Granularity
The smallest unit of datathat istracked by BORISisall of the datafor agiven day at agiven site.

8.2 Data Format(s)

The Compact Disk-Read-Only Memory (CD-ROM) files contain American Standard Code for
Information Interchange (ASCII) numerical and character fields of varying length separated by
commas. The character fields are enclosed with single apostrophe marks. There are no spaces between
the fields.

Each datafile on the CD-ROM has four header lines of Hyper-Text Markup Language (HTML)
code at the top. When viewed with a Web browser, this code displays header information (data set
title, location, date, acknowledgments, etc.) and a series of HTML links to associated data files and
related data sets. Line 5 of each datafileisalist of the column names, and line 6 and following lines
contain the actual data.
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9. Data Manipulations

9.1 Formulae

Equation Used For:
2 _—(m-t Calculation of optical depth
V, =V,-R*-e (m-) ptical dep
_a-m b _Wb Calculation of precipitable water
T, =¢

% +1-1T = m{ﬁ;ﬂ } 3 -I‘ﬂh ] Wh Cdlibration of water vapor channel

( Aln 1:) Cloud-screening procedure
LAlnh

9.1.1 Derivation Techniques and Algorithms
Optical thicknessis calculated from spectral extinction of direct beam radiation at each wavelength
based on Beer's Law:

2 —{tm ) where:  V;, = digital voltage measured at wavelength 3
V. =R" e m = optical airmass
¢ =total optical thickness
R = relative Earth-Sun distance

Attenuation due to Rayleigh scatter and absorption by ozone and gaseous pollutants is estimated and
removed to isolate the AOT ().
The dependence of transmission, Ty, on water column abundance can be written as the following

[Halthore et al., 1992, Bruegge et al., 1992]:

b b where. W = vertical column abundance (cm)
T =e —a-Im e W a, b = constants that depend on the wavelength
W position, width and shape of the filter
function, and atmospheric conditions.

Sky radiance measurements are inverted with radiative transfer equations [Nakajimaet al., 1983] to
provide aerosol properties of size distribution and phase function over the particle size range of 0.1 to
5 pum.
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9.2 Data Processing Sequence

9.2.1 Processing Steps

The automatic radiometers acquire data regardless of sky conditions, except for rain, and thus
require cloud-screening procedures. Three quality control schemes are considered to reject data
obtained under marginal conditions. The Cimels perform three scan sequences spaced 30 seconds
apart, and thus acquire three AOT measurements at each wavelength. If any of these triplets exhibit a
coefficient of variation of more than 12%, the data derived from all channels are regjected. Secondly,
data exhibiting an increasing or nearly flat AOT with wavelength between 440 nm and 870 nm are
considered cloud-contaminated. Therefore, data with an Angstrom coefficient, a, of less than or equal
to zero are removed. The Angstrom coefficient is calculated by:

Alnt
Aln A/ for gat 440 nm and 870 nm, wherey.is wavelength

Finally, the remaining data are plotted along with the direct Sun observations acquired during
almucantar measurements exhibiting high azimuthal symmetry about the solar plane, which are
expected to represent cloudless conditions. A regression line through these admucantar observationsis
plotted as well. The abscissa shows the AOT at 440 nm, while the ordinate depicts the ratio of this
AQT to the Angstrom coefficient described above. The core of the remaining data set is found to
follow the trend of the almucantar regression, and outliers are removed by subjectively drawn
polygons.

Data from the hand-held sunphotometers are cloud-screened in asimilar, but less rigorous, manner
because the manual instruments do not take triplet measurements. The same plotting technique is used
with axes of x: [500-nm AOT] and y: [500-nm / a (500/870)], although no almucantar measurements
are available to plot smultaneously.

9.2.2 Processing Changes
None.

9.3 Calculations
None.

9.3.1 Special Corrections/Adjustments
None.

9.3.2 Calculated Variables
Water vapor, AOT.

9.4 Graphs and Plots
None.
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10. Errors

10.1 Sources of Error

Error Resul t
Tracki ng mi sal i gnnment Overestimation of AOT and/or reduced reproducibility
Filter degradation CGeneral |y underestimati on of AOT
Det ect or response Over- or underestimation of AOT
Tenperature stability Over- or underestimation of AOT at 1020 nm
Col I'i mat or obstruction Overesti mation of AOT
Failure to find peak Overestimati on of AOT

response (hand- hel d)

10.2 Quality Assessment
All data have been cloud-screened and checked for almucantar symmetry.

10.2.1 Data Validation by Sour ce
Pre/postdepl oyment intercomparison was made with reference instruments, pre/postdeployment
filter calculations were made, and agreement of proximal instruments was verified.

10.2.2 Confidence L evel/Accuracy Judgment

Data are generally good, with an absolute AOT accuracy of typically £0.02 for the automatic
sunphotometers and £0.04 for the hand-held sunphotometers. Precipitable water measurements have
agreed within 10% of radiosonde measurements [Halthore et al., 1997].

10.2.3 Measurement Error for Parameters and Variables

The Cimels make three direct Sun measurements at each wavelength in a 30-second scan sequence.
This group of three measurementsis referred to as atriplet. The coefficient of variability of the triplets
for three reference instruments deployed at Mauna Loa was calculated based on 168, 264, and 288
observations, respectively. For all wavelengths, the variability of atriplet was always less than 1%,
and generally about 0.3%, giving an estimate of the instrument's reproducibility [Holben et ., 1996].
The cdibration coefficients, Vo, are usually determined by averaging the y-intercepts from three to
seven Langley plots at Mauna Loa Observatory. The averaged Vo values from all calibration sessions
at Mauna Loahave a coefficient of variability of ~0.25% to 0.5% for the visible and near-infrared
wavelengths, ~0.5% to 2% for the ultraviolet, and ~1.0% to 3.0% for the water vapor channel
[Holben et a., 1996]. The overall accuracy of AOT measurements is expected to be in the range of
0.02 at an airmass of 1.0. The hand-held sunphotometers were calibrated by intercomparison with
colocated Cimels. The estimated level of uncertainty for these instrumentsis greater (0.04) because of
less frequent recalibration. For the sky radiance measurements, calibration was performed at the
NASA GSFC Calibration Facility using a calibrated integrating sphere to an accuracy of +/- 5%. For
the 940-nm channel that includes water absorption, calibration was performed using a variant of the
modified Langley method as described in Halthore et al. [1997]. The method used is similar to that
described elsewhere; for instance, Bruegge et al., 1992b, and Halthore et al., 1992b. Column amounts
of precipitable water derived from sunphotometer measurements at BOREA S have compared favorably
with radiosonde observations [Halthore et al., 1997] to within +/- 10%.

10.2.4 Additional Quality Assessments
None given.

10.2.5 Data Verification by Data Center

BORIS personnel have reviewed portions of the actual parameter values and generated plots for
usein visually spotting any anomalous values.
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11. Notes

11.1 Limitations of the Data
None given.

11.2 Known Problems with the Data

Most data are good, though occasionally the AOT at 1020 nm will exceed that at 870 nm, or the
AOT at 500 nm will exceed that at 440 nm for very low aerosol conditions (AOT 500 < 0.04), when
sensitivity to aerosol isminimal and calibration errors are greatly accentuated. Most of the apparent
errors are on the order of 0.01in AOT, so it istypically aminor concern. On most instruments, the
340- and 380-nm channels are less reliable than the longer wavelengths, likely because of the nature of
thefilter design, and at times, they yield AOT values that are lower for 340 nm than 380 nm.

Triplet variation islarger for instrument #31, which is currently suspected to result from a
4-quadrant detector that is misaligned or otherwise functioning inadequately. Similar problemsin other
instruments at GSFC not involved with BOREAS are being investigated.

11.3 Usage Guidance
None given.

11.4 Other Relevant I nfor mation
None given.

12. Application of the Data Set

The AOT data can be used asinput for standard radiative transfer programs such as L OW-resolution
Radiative Transfer Code (LOWTRAN-7), MODerate Resolution Radiative Transfer Code
(MODTRAN), or the Second Simulation of the Satellite Signal in the Solar Spectrum (6S) to perform
atmospheric correction of remotely sensed data.

13. Future M odifications and Plans

Possible fully objective cloud-screening routine.

14. Software

14.1 Software Description

"Demonstrat” is a package of user-friendly UNIX software developed at GSFC used for data
analysis and can be found at spamer.gsfc.nasa.gov.

Within Demonstrat, the raw data (voltages) are converted to AOT or precipitable water using the
relevant instrument-specific calibration coefficients.

14.2 Software Access

Guest accounts are available and accessible via X-term window. Contact persons. Brent Holben
(Brent.N.Holben.1@gsfc.nasa.gov) or Ilya Slutsker (Ilya.Slutsker.1@gsfc.nasa.gov).
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15. Data Access

The RSS-11 sunphotometer data are available from the Earth Observing System Data and Information
System (EOSDIS) Oak Ridge Nationa Laboratory (ORNL) Distributed Active Archive Center
(DAAC).

15.1 Contact Information
For BOREA S data and documentation please contact:

ORNL DAAC User Services

Oak Ridge National Laboratory

P.O. Box 2008 M S-6407

Oak Ridge, TN 37831-6407

Phone: (423) 241-3952

Fax: (423) 574-4665

E-mail: ornldaac@ornl.gov or ornl @eos.nasa.gov

15.2 Data Center Identification

Earth Observing System Data and Information System (EOSDIS) Oak Ridge Nationa Laboratory
(ORNL) Distributed Active Archive Center (DAAC) for Biogeochemica Dynamics
http://www-eosdis.ornl.gov/.

15.3 Procedures for Obtaining Data

Users may obtain data directly through the ORNL DAAC online search and order system
[ http://mww-eosdis.ornl.gov/] and the anonymous FTP site [ftp://www-eosdis.ornl.gov/data/] or by
contacting User Services by electronic mail, telephone, fax, letter, or personal visit using the contact
information in Section 15.1.

15.4 Data Center Status/Plans

The ORNL DAAC isthe primary source for BOREAS field measurement, image, GIS, and
hardcopy data products. The BOREAS CD-ROM and data referenced or listed in inventories on the
CD-ROM are available from the ORNL DAAC.

16. Output Products and Availability

16.1 Tape Products
None.

16.2 Film Products
None.

16.3 Other Products
These data are available on the BOREAS CD-ROM sgries.
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18. Glossary of Terms

Aerosol optical depth

adimensionless measure of the extinction of the direct solar beam due to
scattering and absorption by atmospheric particul ates.

Air mass approximately equal to 1/cos(solar zenith angle)

Almucantar sunphotometer procedure that measures the sky radiance in four spectral
bands (440, 670, 870, and 1020 nm) at constant solar zenith angle, with
varied azimuth angles ranging from 0.25-degree intervals near the solar
azimuth position to 10-degree intervals far from the solar azimuth position.

Asymmetry parameter | average cosine of the scattering angle weighted by the phase function.

Phase function

adimensionless measure of the relative scattering intensity of aparticleasa
function of angle relative to the original propagation direction.

Rayleigh scatter scatter of solar energy by gaseous moleculesthat is highly predictable for a |
given atmospheric pressure. |
19. List of Acronyms
6S Second Sinul ation of the Satellite Signal in the Solar Spectrum
AOT Aerosol Optical Thickness
ASCl | Aneri can Standard Code for Information Interchange
BOREAS BOReal Ecosystem At nosphere Study
BORI S BOREAS | nformation System
CCRS Canada Centre for Renote Sensing
CD- ROM Conpact Di sk-Read-Only Menory
DAAC Distributed Active Archive Center
ECS Earth observing Satellite
ECSDI S ECS Data and I nfornation System
FOV Field of View
as Ceographic I nformation System
Gvr Greenwi ch Mean Tine
GCES Geostationary Operational Environmental Satellite
GSFC CGoddard Space Flight Center
HTM. Hyper Text Markup Language
LOMRAN - LOWresolution radiative TRANsfer code
MODTRAN - MODerate resolution radi ati ve TRANsfer code
NASA Nat i onal Aeronautics and Space Adm nistration
NSA Northern Study Area
ORNL Cak Ridge National Laboratory
PANP Prince Al bert National Park
RSS Renot e Sensi ng Sci ence
SSA Sout hern Study Area
URL Uni f orm Resour ce Locat or
UT™M Uni versal Transverse Mercator
YJP Young Jack Pine

Page 24



20. Document I nformation

20.1 Document Revision Date
Created: 20-Jun-1996
Revised: 18-May-1999

20.2 Document Review Dates
BORIS Review: 19-Sep-1997
Science Review: 16-Oct-1997

20.3 Document I D

20.4 Citation

When using these data, please include the following acknowledgment as well as citations of
relevant papersin Section 17.2:

Markham, B.L., J.S. Schafer, B.N. Holben, and R.N. Halthore. 1997. Atmospheric aerosol and
water vapor characteristics over north central Canada during BOREAS. Journal of Geophysical
Research 102(D24): 29,737-29,745.

If using data from the BOREAS CD-ROM series, also reference the data as:

Markham, B.L ., "Characterization of Atmospheric Optical Propertiesfor BOREAS." In Collected
Data of The Boreal Ecosystem-Atmosphere Study. Eds. J. Newcomer, D. Landis, S. Conrad, S.
Curd, K. Huemmrich, D. Knapp, A. Morrell, J. Nickeson, A. Papagno, D. Rinker, R. Strub, T.
Twine, F. Hall, and P. Sellers. CD-ROM. NASA, 2000.

Also, citethe BOREAS CD-ROM st as:

Newcomer, J., D. Landis, S. Conrad, S. Curd, K. Huemmrich, D. Knapp, A. Morrell, J.
Nickeson, A. Papagno, D. Rinker, R. Strub, T. Twine, F. Hall, and P. Sellers, eds. Collected Data of
The Boreal Ecosystem-Atmosphere Study. NASA. CD-ROM. NASA, 2000.

20.5 Document Curator

20.6 Document URL

Page 25



REPORT DOCUMENTATION PAGE

Form Approved
OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503.

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE

August 2000

3. REPORT TYPE AND DATES COVERED
Technical Memorandum

4. TITLE AND SUBTITLE

Technical Report Series on the Boreal Ecosystem-Atmosphere Study (BOREAS)

BOREAS RSS-11 Ground Network of Sunphotometer Measurements 923

5. FUNDING NUMBERS

6. AUTHOR(S)
Brian L. Markham and Joel Schafer
Forrest G. Hall and Jaime Nickeson, Editors

RTOP: 923-462-33-01

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS (ES)

Goddard Space Flight Center
Greenbelt, Maryland 20771

8. PEFORMING ORGANIZATION
REPORT NUMBER

2000-03136-0

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS (ES)

National Aeronautics and Space Administration
Washington, DC 20546-0001

10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

TM—2000-209891
Vol. 58

11. SUPPLEMENTARY NOTES
J. Schafer and J. Nickeson: Raytheon ITSS

12a. DISTRIBUTION / AVAILABILITY STATEMENT
Unclassified—Unlimited
Subject Category: 43

Report available from the NASA Center for AeroSpace Information,
7121 Standard Drive, Hanover, MD 21076-1320. (301) 621-0390.

12b. DISTRIBUTION CODE

13. ABSTRACT (Maximum 200 words)

The BOREAS RSS-11 team operated a network of five automated (Cimel) and two hand-held (Miami)
solar radiometers from 1994 to 1996 during the BOREAS field campaigns. The data provide aerosol
optical depth measurements, size distribution, phase function, and column water vapor amounts over
points in northern Saskatchewan and Manitoba, Canada. The data are useful for the correction of
remotely sensed aircraft and satellite images. The data are provided in tabular ASCII files.

14. SUBJECT TERMS

BOREAS, remote sensing science, sunphotometer measurements.

15. NUMBER OF PAGES

25

16. PRICE CODE

17. SECURITY CLASSIFICATION
OF REPORT

Unclassified

18. SECURITY CLASSIFICATION
OF THIS PAGE

Unclassified

19. SECURITY CLASSIFICATION [ 20. LIMITATION OF ABSTRACT

OF ABSTRACT
Unclassified

UL

NSN 7540-01-280-5500

Standard Form 298 (ﬁev. 2-89)
Prescribed by ANSI Std. Z39.18
298-102







